ABSTRACT. Genetic diversity within Vicia faba L. is key to the genetic improvement of this important species. In this study, morphological traits and RAPD molecular markers were used to assess the levels of polymorphism across 12 Tunisian populations, three major and nine minor from different locations. Analysis of morphological traits indicated that the three major populations showed significant differences and the nine minor populations exhibited considerable variation for most traits. The grain yield of the Alia population could be increased by inoculation. Of the seven primers tested, it was clear that the Cs12 primer would be recommend for genetic diversity analysis of V. faba. Within population genetic diversity exhibited 94% of total diversity. Intra-population genetic diversity (H S ) was 0.16, which was clearly higher than between population genetic diversity (D ST = 0.06) UPG-MA showed a high level of genetic variation between major and minor populations of V. faba L. Particularly the minor populations showed a high level of diversity and was divided into two subclusters. Ltaifia was separated from the other populations. In addition to a high grain yield, I.Z. Backouchi et al.
INTRODUCTION
Faba bean (Vicia faba L.) is one of the most important legumes, and it is extensively cultivated in the world. It not only provides an important source of human dietary protein, but is also a good source for the feed market (Gong et al., 2011) .
Due to its partial cross-pollination, there are various faba bean varieties and they are highly heterogeneous, which makes the conservation of genotype resources more expensive and difficult (Duc et al., 2010) .
However, despite its long history of cultivation and economic importance, there have been few studies about the diversity of faba beans (Gong et al., 2011) .
Morphological studies are used to study multiple characters at the same time, to help discriminate heterogeneous populations, and they are vital tools to predict mechanisms of spread and dispersal of species (Benor et al., 2012) .
Morphological characterization of plant species is mainly used to conduct a thorough investigation of genetic diversity in germplasm collections, contributing valuable information for breeding programs and conservation strategies for taxa of concern (Benor et al., 2012) .
One of the most extensively used molecular markers is RAPD, which has been applied to address genetic diversity issues in plants (Vilanova et al., 2001; Gichuki et al., 2003) . RAPD analysis may be used for many plant samples, using small quantities to study molecular mapping, taxonomy and phylogeny and genetic diversity. It is also used successfully for both the identification and classification of plant cultivars (Li et al., 2006) . Furthermore, RAPD is effective, simple and more rapid compared to other molecular methods that use small oligonucleotides that differ in their DNA sequence (Shehata, 2004) .
In the present study, the extent of genetic diversity between 12 minor and major populations of Vicia faba L. collected from some area of Tunisia was assessed by using morphological and molecular markers.
MATERIAL AND METHODS

Plant materials
We used twelve populations of V. faba, three major (Mateur, Alia, and Eljem) and seven minor (Mateur, Takelsa, Korba, Fahes, Eljem, Mahdia, and Ltaifia), collected from different regions in Tunisia during 2010, and two reference varieties Locale and Saber 02 (Table1). 
Morphological traits
Twelve genotypes of V. faba were analyzed. To account for environmental variance, fifteen seeds per genotype were used. A total of 180 plants were studied. Seeds were surface sterilized with HgCl 2 (0.2%) for 3 min and rinsed 10 times with sterile-distilled water. Soaked seeds were sown in Petri dishes on 0.9% agar. Besides, seedlings were transplanted in plastic pots, which were placed in a greenhouse at the Biotechnology Centre of Borj Cedria (CBBC).
Eleven morphological traits related to the different developmental phases of plants were measured (Table 2 ). For dry weight determination, plant organs were dried at 70°C for 48 h. 
Molecular traits
DNA extraction
Total genomic DNA from the young leaves was isolated following the modified method of Geuna (2004) . Ten plants from each population were used in this experiment. DNA was quantified spectrophotometrically by taking the absorbance at 260 nm using a Biophotometer. The quality of the DNA was estimated on an agarose gel (0.8%) stained with ethidium bromide.
Amplification reactions
Polymerase chain reaction (PCR) amplification of DNA was performed with each of seven decamer primers obtained from Operon Technologies: P4 (GTTAGGTCGT); P6 (TCG CCCCATT); P8 (GTCCCGTTAC); P11 (CTGTGCTGTG); P105 (CAGTCGCGTG); P137 (ATCTGCGACA), and Cs12 (GCGACGCCTA).
PCR was performed in a 20-μL reaction mixture containing 20 to 40 ng DNA template, 2 μL 10X reaction buffer, 2 μL 10 µM primer, 2.5 Mm dNTPs, 25 mM MgCl 2 and 1.5 U Taq polymerase. To reach the expected goals, amplifications were carried out in a Biometra thermal cycler for 3 min at 94°C, followed by 40 cycles of 30 s at 36°C, 1 min at 72°C, and 18 s at 94°C, and a final extension for 8 min at 72°C.
These amplification products were separated by electrophoresis in 1.5% agarose gels made with 1X TAE buffer (pH 8), which were stained with ethidium bromide and visualized under UV light. As a size marker, a 100-bp DNA Ladder (Promega) was run in each gel.
Data analysis
Data were subjected to analysis of variance (ANOVA) using the STATISTICA software system and the means of morphological traits measured were compared between populations with the HSD Tukey test.
RAPD markers were scored as present (1) or absent (0). A data matrix based on all the observed bands was constructed.
On the basis of the binary matrix obtained, genetic diversity indices [the percentage of polymorphic bands, the observed number of alleles (N A ), the expected number of alleles (N E ), and Shannon's information index of diversity (I)] were calculated by POP-GENE 1.32 (1997) 
were calculated using the population mean diversity and the total diversity indices (H S was the population mean of Nei's diversity index, and H T was the total of Nei's diversity index).
RESULTS
Morphological diversity
There was a remarkable difference between the three major populations of V. faba for the morphological traits (Table 3) .
The Eljem and Mateur populations showed remarkable similarity for ten of eleven morphological traits. The Alia population differed from other populations by plant height, number of flowers, aerial fresh weight, aerial dry weight, length of roots, number of nodules, root fresh weight and root dry weight. Alia showed similarity for seed yield which could be increased by inoculation (Table 3) .
The nine minor populations of V. faba exhibited considerable variation for most of the morphological characters (Table 4) . It can be seen from the results that there was a remarkable similarity between the Korba, Mateur, and Takelsa populations for most of the morphological traits. The Eljem population had the highest seed yield (Table 4) . 
RAPD genetic diversity
For all the populations, a total of 218 RAPD fragments were amplified with 7 selected primers (Table 5) , in a size range of 100-2700 bp, with 218 polymorphic bands (100%). The number of bands produced by each primer varied from 23 (CS12) to 36 (P11), with an average of 31. With a 95% threshold, the percentage of polymorphism ranged from 62.86 (P4) to 92.59% (P6), with an average of 75.96%. The Cs12 primer also showed a substantial percentage of polymorphism (86.96%).
The level of polymorphism within a population ranged from 32.11 (Mahdia and Ltaifia populations) to 51.38% (Takelsa and Locale populations), showing that the Takelsa and Locale populations were the most polymorphic. Several genetic diversity indices were measured: the observed number of alleles (N A ), the effective number of alleles (N E ), gene diversity (H) and Shannon Information index (I) ( Table 6 ). [Kimura and Crow (1964) ]. *H = Nei's (1978) gene diversity. *I = Shannon's Information index [Lewontin (1972) ].
N A was 2. N E ranged from 1.17 (P4) to 1.45 (Cs12), with a mean of 1.26. H varied from 0.13 (P4) to 0.27 (Cs12) with a mean of 0.17. I ranged from 0.23 (P4) to 0.42 (Cs12), with a mean of 0.29. Hence, the results showed that Cs12 revealed a high level of genetic variation.
The Takelsa, Fahes, and Locale populations showed the highest Nei's genetic diversity and Shannon's information index (0.13 and 0.21, respectively), while the Ltaifia population showed the lowest values (0.08 and 0.13, respectively).
The average gene diversity within population was 0.16 (H S ) and within total population 0.17 (H T ). Investigations proved that genetic differentiation between populations (G ST ) had an mean of 0.06, indicating a moderate level of genetic differentiation between the populations of V. faba L analyzed. Gene flow (N m ) was found to be 8.21, indicating notable gene flow between populations (Table 7 ). Nei's genetic distances ranged from 0.028 (between F Alia and F Mateur) to 0.131 (between F Eljem and Ltaifia), with a mean of 0.079 (Table 8) .
From the UPGMA dendrogram (Figure 1) , it was discernible that the Ltaifia (LT) and Mahdia (MH) populations were the most distant and clustered separately from other populations of V. faba, which were grouped into two main clusters, cluster I (CI) grouped the major populations and cluster II (CII) contained minor populations. Interestingly, cluster (CI) appeared separately from second cluster (CII), showing a high level of genetic variation between major and minor populations of V. faba. The first one was made up of three populations of V. faba major: Eljem (FEJ), Alia (FA) and Mateur (FM). Cluster II showed a high level of diversity and it was further divided into two subclusters. Subcluster I (ScI) had five samples [Saber02 (SB), Locale (LC), Fahes (FH), Eljem (EJ) and Takelsa (TK)]. Subcluster II was found to contain two samples [Mateur (MT) and Korba(KB)]. Nei's (1978) genetic distance: method UPGMA modified from neighbor procedure of PHYLIP version 3.5.
DISCUSSION
Morphological traits indicated that major and minor populations of V. faba exhibited considerable variation. Particularly the nine V. faba minor populations showed considerable variation for most of the morphological characters in agreement with a previous observation describing a large diversity for morpho-agronomic traits in Greek and Ethiopian landraces (Keneni et al., 2005; . Recently in Tunisia, Yahia et al. (2012) described a substantial phenotypic variability in faba bean germplasm using morphological descriptors. Moreover, the study showed interesting populations, such as Alia with significant gain yield despite poor nodulation. Its grain yield could be improved by efficient soil bacteria inoculation. In this context, Trabelsi et al. (2011) reported that inoculation of Phaseolus vulgaris with two indigenous rhizobia strains induced a significant increase in nodulation and grain yield.
The results obtained from RAPD analysis used to assess the genetic diversity of Tunisian V. faba populations showed that the primer Cs12 was recommended to examine the genetic diversity of V. faba populations. Our results reflected similar findings as reported earlier in studies of the genetic variation in other species at the cultivar level by using RAPD markers (Singh et al., 2012; Kalpanaa et al., 2012; Badfar-Chaleshtori et al., 2012; Basheer-Salimia et al., 2012; Rajesha et al., 2013) and among Palestinian faba bean landraces (Basheer-Salimia et al., 2013) .
Furthermore, investigations reported that the species maintained a high genetic diversity within populations. The minor populations of V. faba exhibited a high level of diversity and were further divided into two subclusters, which agrees with a previous study of genetic diversity in European and Mediterranean faba bean germplasm using RAPD markers (Link et al., 1995) . In addition, studied 20 local Greek faba bean populations using four ISSR primers and proposed that the majority of the observed genetic variability was due to within population variation (75.4%).
Our results showed that genetic diversity within population was 94% of total diversity and intra-population genetic diversity (H S ) was 0.16, which was clearly higher than between population genetic diversity (D ST = 0.06). Similarly, on the basis of AFLP analysis, Gresta et al. (2010) observed a considerable level of genetic variation within faba bean accessions. Recently, Ouji et al. (2012) demonstrated that the majority of the genetic variation of faba bean populations was found within populations.
Overall, the Ltaifia population was the most homogeneous, which can be considered a selected cultivar with very interesting agronomic characters, and this cultivar can be proposed as obtained for direct use by farmers.
In addition, the Takelsa population was the most heterogeneous which represents a interesting reservoir of genes for breeding programs.
There was agreement on a variety relationship between the morphology and molecular methods. Similar results were obtained by many authors when comparing the findings of morphological and molecular analyses in different species (Wang et al., 2002; Li et al., 2006; Talbi et al., 2008; Benor et al., 2012) .
The significant positive correlations between the matrices obtained from the RAPD markers and the morphological trait matrices also indicate that morphological characters can provide a useful measure of genetic diversity between inbred lines (Ye et al., 2008) . This correlation can be used to study populations efficiently in plant breeding programs.
